ENHANCED ENERGY DELI VERY MECHANI SM FOR BULK SPECI ALTY GAS SUPPLY SYSTEMS
BACKGROUND OF THE | NVENTION Field of the Invention [0001] The present

i nvent i orwoaeb@rss2080 an enhanced energy delivery nechanipemusheco4man be
enpl oyed with bul k specialty gas supply systens. These systens involve any
nunber of | arge scale transport vessels to deliver fluid to a

sem conductor, light emtting diode, |4 dquid crystal display or

phot ovol tai cs manufacturer. In particular, the energy delivery mechanismis
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ight emitting diode iquid crystal displa manuf acture an
phot ovol taics (PV) require§ N, QF FHE N Noy one or nore

non-air fluids. It will be understood by those skilled in the art that
"non-air" fluids or gases refer to fluids (in various phases) which are not
deri ved fromiike & orfsttitcudmtvesrdipanent s of ai r As utilized herein, non-air

fluids or ga clud but are nat_|i ni a, bara
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application of non-air gases in vapor phase. [0003] Cenerally, gases are
del i vered t o dH& specialty gas supply systems. ThHese systens

involve any number of large scale transport vessels to
deliver fluid to a semiconductor, light emitting diode,
liquid crystal display or photovoltaics manufacturer.
In particular, the energy delivery mechanism is an
external, removable device which conforms to the vessel

wall surface to deliver energy in an efficient manner.

Description of Related Art

[0002] Industrial processing and manufacturing
applications such as semiconductor, light emitting
diode (LED), liquid crystal display (LCD) manufacture
and photovoltaics (PV) require processing steps which
employ one or more non-air fluids. It will be
understood by those skilled in the art that “non-air”
fluids or gases refer to fluids (in various phases)
which are not derived from the constituent components
of air. As utilized herein, non-air fluids or gases
include, but are not limited to, ammonia, boron
trichloride, carbon dioxide, chlorine, dichlorosilane,
halocarbons, hydrogen fluoride etc. Specifically, the
manufacture requires the application of non-air gases
in vapor phase.

[0003] Generally, gases are delivered to the

manufacturer’s facility in a bulk specialty gas system



manuf acturer' s facility in a bulk specialty gas systemhich includes one
or nore transport vessel. Fluid is renoved fromthis vessel in vapor phase
and del i wepedowis810Be poi nt-of -use in a disconti nuous nNaROEMUS200000%k6 The
ultimate application requires that the vapor phase gas contain a relatively
|l ow | evel of low volatility contam nants, as otherw se these contam nants
can deposit on the product substrate (e.49., sem conductor wafer, LCD

not her gl ass or LED sapphire base and PV substrates) . Deposition of these

| ow vol atili .cont.am-nant.s, i j hcl ter, tal, an r{i.cul ates,
can produce Eavt%lnluc é}?'lrgou el é)tn\gr]ioﬁg{ocra}f (Lat%t%s?\,%oﬁfﬁ ﬁﬁ%%’ed%&%@%#&gm ness
(LED manuf actrame)veand nyneltth 1s0S% (ssamicondigetrophdseDamtr dV inenufdact ur e)

[ 0005] Fluids such as silane and,nitrggen trifluoride are delivered and

stored in vapst Pradeiigiwde UG VoltatdiSa3 Comotfe P0G not  evapor at e
readily, t h_eld[romr]cent rmafd QN dihddesedilivids drs Aapiicald Haw.cHa her

non-air fluids or gases are transported and stored as |iquids or

vapor/ | i qui d veipauresis<Tiygse qpagesi rarce redmionofl kiown l&yvdlowivapor pressure
gases, and i ch()ll%dae,liftor C%>§1acr£plie,a ngmrgsa,oth edrer en tchhl oeri de, hydrogen
fluoride, carbort dioxide,  and dichi™dr 681 1%ane . ese Tl ui ds typically have
a vapor pressitre 0fidess tdwan b0 PIirg tate AR atubysd refce’/00 F . A
conpl ex nmechanismis necessary to deliver these |atter gases to the

poi nt - of - use S SrapFCIPrrasElUat Ithé afddui diGte BiHasg L e conver si on

of stored |iquid QW YAPQr RILISUILGAILS dAN0 RS lEREs 410 Gause the |ow

vol atility contam nants to vapori ze.
low volatility contaminants, which include water, metal

and particulates, can produce a number of deleterious
effects, including reduced brightness (LED manufacture)
and yield loss (semiconductor, LCD, or PV manufacture).
[0005] Fluids such as silane and nitrogen
trifluoride are delivered and stored in vapor phase.
Since low volatility components do not evaporate
readily, their concentration in these fluids is
typically low. Other non-air fluids or gases are
transported and stored as ligquids or vapor/liquid
mixtures. These gases are commonly known as low vapor
pressure gases, and include, for example, ammonia,
hydrogen chloride, hydrogen fluoride, carbon dioxide,
and dichlorosilane. These fluids typically have a
vapor pressure of less than 1,500 psig at a temperature
of 70°F. A complex mechanism is necessary to deliver
these latter gases to the point-of-use in vapor phase
at the requisite purity, since the conversion of stored
liquid low vapor pressure gases into vapor tends to
cause the low volatility contaminants to vaporize.
[0006] One of the critical issues associated with
the bulk gas supply systems is the delivery of energy

in the form of heat to the vessel wall in such a manner



[0006] One of the critical issues associated with the bul k gas supply
systens is the delivery of energy in the formof heat to the vessel wall in
such a nmewoen@sissm3avoi d nucl eate boiling. As used her eiPoT/USh@9werons

"nucl eate boiling" connotes a vigorous boiling regime of the |iquid phase

| ow vapor pressure fluid. Such boiling can cause |iquid droplets containing
| ow vol atility contam nants to be entraithed and carried into the vapor
phase. [0007] Several energy delivery nechani snms have been proposed in the

related art f ul |y _syst. . So ishs [ nyelyve jnternal
heati ng devi cags; t?rjm?ﬁftog?vrﬁ L&ﬁll%r‘?%tehB(i,éscblﬁ]q‘ﬁlgg'asrﬂsa,supp%gl‘a\@lleesse n,’ \\ILV% gceot ers
call for extemalldeat g ldewi”cesroro té dniaX twirge ridhey éafi Ifiorg centinal | 1 ng t he

energy input and the vaporization of the liquid fluid contained in the

vessel s . [0008]'05 S1Patem NG B 73562 ¢ FEdtt [disel ose$tan i nternal

heat exchangey, Whirch Jnctdens iU Rl ddhe demmenatiy e [f the
| i qui d-gas interface inside the container essentially constant, while the

ext ernal heatvadedhdnger damicmiiows ey itrakid yeitta qpretteand e nydsd The

i nt ernal heatinecxoc %negevai sorph saiscally | ocated in the inner part of the

cont ai ner, above the Iic?w d i, [0009] U.S. Patent No. 6,025,576 to Beck
et al teacheq 007Xt er alvdiedt emneskivd dditivdaui Intedharhieatd mgived enent s for
heati ng and supporting a conpressed-gas di spensing bul k vessel. The skid

i ncor por at e tHEFERUrEs Y &qiiTled Fort Harddit myld GAS &P Whi | e al so

providing a ngans. for heald e e iGHd M98 12 @nternal heating

devices mounted within the bulk gas supply vessel,
while others call for external heating devices or a
mixture thereof for controlling the energy input and
the vaporization of the liquid fluid contained in the
vessels.

[0008] U.S. Patent No. 5,673,562 to Friedt discloses
an internal heat exchanger which functions to maintain
the temperature of the ligquid-gas interface inside the
container essentially constant, while the external heat
exchanger functions primarily to preheat the gas. The
internal heat exchange is physically located in the
inner part of the container, above the liquid fluid.
[0009] U.S. Patent No. 6,025,576 to Beck et al
teaches an external heater skid with built-in heating
elements for heating and supporting a compressed-gas
dispensing bulk vessel. The skid incorporate the
features required for handling a cylinder while also
providing a means for heating the cylinder in a
controlled manner.

[0010] U.S. Patent No. 6,581,412 B2 to Pant et al,
and assigned to the owner of the present application,
is directed to a method for delivering a liquefied

compressed gas with a high flow rate, including inter



controlled manner. [0010] U. S. Patent No. 6,581,412 B2 to Pant et al, and
assigned to the owner of the present application, is directed to a nethod
for del i weoi2ngp/E8108quefi ed conpressed gas with a hi gh flPowusate/,47o6€! udi ng
interalia, external heating neans positioned proximte to the storage
vessel . The heat output of the heating neans is adjusted to heat the

| i quefi ed conpressed gas in order to cortrol the evaporation of the

| i quefied gas contained therein. [0011] Sone of the disadvantages rel ated

to the internal. heat) C i e _rel.at. I S, - t_ i.nternal
heat i ng requi%?ielsaht ﬁegt%gf\ﬂ%gleglae{é&%b% i(?(rnesattnraél Ipé)?l ul'r%ﬁilnegJlr Il(g%(clonatael r?e%r
manuf act ur e prhecesrabd Srawaielanl yrheonmpldtc ateputhe fc antcaihrert imanuf act ur e

process, but it causes mai ntenance difficulties, and reduces the

flexibility FEPFURhEITURTOV drre it 2dnd NFp dridfe 9P FETRERSSTS ahs. I n

addi tion, intgrnalgdieatd ng mans t@@%\z‘a_'%;d}%\’c%d?ﬁ%f tansfiep devdces in
direct contact with the liquefied gas. This would add an extra possible
source of gagacomcarfianatsicorihemsiich coul d be due to the inpurities detached

fromthe heat sfer devijces, .or due to | eak _of, t.he, heat .transfer nedi a
cont ai ned | ns[iot(?gqguch d%\ﬂecé%.s t[hﬁofgl]saé%]atrﬁggc?t errelﬁé:neé% hEé)xttélrenal heat i ng

mechani sns f auig rin 1c ereesitn ol cHatl ik sl pr e hsy steaini «dp anat iconrfreron to the
contour of the vessel's surface and result in an uneven or nucleate
boi l'i ng. Heat%%rr?@clhéﬁastﬁﬁl%éﬁﬁus%er‘?g B faviess éhéa érstadddd as

silicon rubbej, heating bapds iheld jnfension canfacls . This not

only complicates the container manufacture process, but
it causes maintenance difficulties, and reduces the
flexibility for further improvement and upgrade of the
heating means. In addition, internal heating means
usually have heat transfer devices in direct contact
with the ligquefied gas. This would add an extra
possible source of gas contamination, which could be
due to the impurities detached from the heat transfer
devices, or due to a leak of the heat transfer media
contained inside such devices.

[0012] On the other hand, external heating
mechanisms found in conventional bulk supply systems do
not conform to the contour of the vessel’s surface and
result in an uneven or nucleate boiling. Heating
mechanisms consisting of malleable heaters, such as
silicon rubber heating bands held in tension contact
with the wvessel wall results in local air gaps due to
the irregularities of the surfaces of the heating bands
and/or the vessel. The air gaps, further contribute to
the formation of local hot spots on the heating bands,
which deleteriously affect the performance and safety

of the bulk gas supply system.



with the vessel wall results in local air gaps due to the irregularities of
the surfaces of the heating bands and/or the vessel. The air gaps, further
cont ri butwoteowtss2oBor mat i on of | ocal hot spots on the heamiusgodanmse whi ch
del eteriously affect the performance and safety of the bul k gas supply
system [ 0013] Although fluid bath heating mechani sns would conformto the
vessel surface, regardless of the surface-drregularities, these nmechanisns
rai se other technical and maintenance problens. For exanple, when the

required heatifng Fower ;i r{%lre[\%% %Jgtdhlb%t%o%%i gfl%gf Qe i fén% d, L9 devel op

nucl eat e boilqng, in whic eat tran i's reduce I'n"addi ti on,
in the case aforlfarge @asrhees@ﬁlcmﬂﬁamﬁs rSalgBh”CH&slsS@fCOﬂieal ners, the
fabrication, control and mai ntenance issues of fluid bath may be even nore

conpl i cat ed. JOTEFE Fd TG Eone e diRSsR ARAGEE B the SCo&yRts onal

systens descrihed i@havemnd tnd i$1:@hORILYr H1 dnfte Preesedx dnpvent i f o
provide an efficient energy delivery nechanismfor a transport/st or age

vessel , such & aafrumed dreadrinoSE et dinvercassd i Z2dd lisn rwssuldkd gas suppl y

system where th extgrna heat i n deV|c d on t.he urface of the
vessel in a ?rfé)nngcrh fel O{ ostO{aentl al ;purce t?gceegbt%gl AT gaps%tlher ebet ween.

[0015] It is canethele @iaa&ctt@fndﬂ@er iinverduad.t 0 Ipr eddde iavrsy Sitre raHeor
delivering vapor phase fluid at an eI evat ed pressure fromthe
transport/ st 6rdge AesSelIe iier & S5 LS &Gy cde19 e FeviicdsCar e conf i gur ed

and held in C&er?ltt%citne"ﬁst h &e Aenselawld, QS d0 LI htliendns el | ver

energy to the vessel. I'n
issues of fluid bath may be even more complicated.

[0014] To overcome the disadvantages of the
conventional systems described above, it is an object
of the present invention to provide an efficient energy
delivery mechanism for a transport/storage vessel, such
as a drum, ton or ISO container utilized in a bulk gas
supply system, where the external heating device is
placed on the surface of the vessel in a manner which
substantially reduces the air gaps therebetween.

[0015] It is another object of the invention, to
provide a system for delivering vapor phase fluid at an
elevated pressure from the transport/storage vessel,
where the energy delivery devices are configured and
held in contact with the vessel wall so as to
efficiently deliver energy to the vessel. 1In
particular, the energy delivery devices are held in
close contact with the wall of the transport/storage
vessel, and substantially eliminates the uneven
distribution of energy. In addition, the life span of
the energy delivery devices is increased.

[0016] It is yet another object of the invention, to
provide an energy delivery device that is adapted to be

removed and utilized on various transport/storage



particular, the energy delivery devices are held in close contact with the
wal | of the transport/storage vessel, and substantially elimnates the
uneven diworoussma of energy. In addition, the |ife spaaTafS2aae4meer gy
delivery devices is increased. [0016] It is yet another object of the
invention, to provide an energy delivery device that is adapted to be
renoved and utilized on various transpord/-storagevessels. Mreover, the
energy delivery devices can readily be renoved and replaced in the event of
failure . [0QL7] it is t her  ohject. of i j : vi de an energy
del i very deviQf(]:eeS]S(?elsSl 'gnebg)r}t%c?hfi%nrdr ?a%%’e etn%er%?re&yq\(%g&i \?{eérvtelg:e%{)%an
transport/ st arcags vesgelnenthicch dreadstia didqgher tgas «delntverty fl ow rate,
while maintaining the purity required at the point-of-use . [0018] O her
obj ects and dfsaﬁééjtr?nf the present invention will becone apparent to one of
ordinary skilfpgiyjt he art jupepJied.ewipfedihe spew fiigaldan, draw ngs and

cl ai s appended hereto. SUMMARY OF THE | NVENTI ON [ 0019] According to an
aspect of théenawislst iaon erey ehaiegyt vebalyi verwi aeecleanicgrad o a narsssysor t
vessel utilized to convey vapar. phase fluid at an elevated aressure is
provi ded. The mechani'smincl udes at |eas Fone energy delivery device

di sposed on tlhedower HigHdoy=ef e ltinanspallowessel, wrcliwdi ng a thin |ayer
of a thermally conductive non-adhesive layer in contact with vessel wall,
at | east oneTfedtiand @1%méift R S@sBstamd &l yhomarts Afo USfe cont our of

the vessel [0018] Other objects and aspects of the present
invention will become apparent to one of ordinary skill
in the art upon review of the specification, drawings

and claims appended hereto.

SUMMARY OF THE INVENTION

[0019] According to an aspect of the invention, an
energy delivery mechanism for a transport vessel
utilized to convey vapor phase fluid at an elevated
pressure is provided. The mechanism includes at least
one energy delivery device disposed on the lower
portion of a transport vessel including a thin layer of
a thermally conductive non-adhesive layer in contact
with vessel wall, at least one heating element which
substantially conforms to the contour of the vessel
wall, and a thermal interface material disposed between
the thermally conductive non-adhesive layer and the
heating element, wherein the thermal interface material
substantially fills the gaps between the unmatching
configuration of the transport vessel and the heating
element thereby providing substantially uniform energy
to the transport vessel.

[0020] In accordance with another aspect of the

invention, an efficient energy delivery system adapted



wal |, and a thermal interface material disposed between the thermally
conductive non-adhesive | ayer and the heating el enent, wherein the thernmal
i nt erf acewoab@vissdo3substantially fills the gaps betweenPChaSaonrmi™hé ng
configuration of the transport vessel and the heating el enment thereby
provi di ng substantially uniformenergy to the transport vessel. [0020] In
accordance with anot her aspect of thedrvention, an efficient energy
delivery system adaptedto various cylindrical transport vessels is

provi ded. The syst inc : a - subs i.al ly rigid
cradle to ac%@nﬁl%(fglrgéfsg ({%S‘?lzjcéﬁac)fﬁ ;F%{)al%}%gjgcttci{é%ﬁs%rlsc% %g%)sl%{c?r " vessel;
and (b) at | @ast grecendargyl udeld veny adevicte ot tsposect D s udee drovier] Igor t i on
of said transport vessel including a thin | ayer of a thermally conductive

non- adhesi ve 4@/ ¢t G5 et e WA AELSe® WalHL 208 Hiedth g %61Sirent  whi ch

substanti al | y.,canfrins 1t @ Lhe ot Qs L t hevegselaaldasanda thermal
interface material disposed between the thermally conductive non-adhesive

| ayer and thenssati g lalvermentde witiesr elispdsed lvey ridle ilptverf s tetrerdfal
substantial ly f.io{ Its t he 9aps bet ween t.he, .unmat c;C@liir}Ig lconfi qur ation of the

transport vessel® and the hegtelsﬁge ellélr(r:elﬁjtdjtnﬁeraeby pr ovaiy(ﬁrng subst anti al | y

uni f or m ener ghdrandilng tdcansparitvey esseladBRlike DESERI RH Q¥R ciHE iIHGURES
[ 0021] The objects and advantages of the invention will be better

under st ood f rGiAstHe "o o ﬁ@ag‘g{“éﬁ ISdETES e riptator TS HHE teXenipl ary
ﬂ‘tgd' ments thefeohd nLamectdang tr the accompanyding figures wherein
thermal interface material disposed between the
thermally conductive non-adhesive layer and the heating
element, wherein the thermal interface material
substantially fills the gaps between the unmatching
configuration of the transport vessel and the heating

element thereby providing substantially uniform energy

to the transport vessel.

BRIEF DESCRIPTION OF THE FIGURES

[0021] The objects and advantages of the invention
will be better understood from the following detailed
description of the exemplary embodiments thereof in
connection with the accompanying figures wherein like
numbers denote same features throughout and wherein:
[0022] Fig. 1 is a schematic illustration of a
transport vessel with an external energy delivery
mechanism;

[0023] Fig. 2(a) illustrates an exemplary embodiment
of a system for delivering vapor phase fluid with an
energy delivery mechanism including a thermal interface
material which fills the gaps between the cradle and

the transport vessel;



nunbers denote sanme features throughout and wherein: [0022] Fig. 1 is a
schematic illustration of a transport vessel with an external energy

del i very wochamissaop [ 0023] Fig. 2 (a) illustrates an execpltsegooentveei nent
of a systemfor delivering vapor phase fluid with an energy delivery
mechani smincluding a thermal interface material which fills the gaps
between the cradle and the transport wvessel ;[0024] Fig. 2 (b) is a
graphical illustration of the thernmal interface material filling the gap
bet ween t he hi ng f curvat f. th r adl t transport
vessel ; and t{gb%‘] Fi g.ﬁ%r'i Iazlcﬁjs)t ;iast gastgrﬁ%hgg%aﬁa%u%g%a@% elalr}\e/é'\:rhye fl ow

bet ween a tonheomtadi nertadfidrd he teanvwantfiidialndheatd rgprechanricsmtanrd t he one
of the present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0026] The
manuf act ur e OF TSI R Fe eSS P ESs O 1L DS &TdEHE & pHdtovol tai ¢
celI's requiresdhedel iwveryeof vgpor phase, |ow vapor pressure gases to a
poi nt-of -use . These fluids nust neet custoner purity and flow

requi rement s.[0P2S]pr eséntg i pvantlivet mrted dés avmmsraide® aver gy delivery
mechani sm for, 3 ol k, sneg] alty, das suppl v system.. emloxed in the
transportati on of a-‘conpressed gas for decilvery 0 a seniconductor or LED
manuf act ur er .cofReraanpras sed gasy ineddeldier ethdasha oW wapahdr essure vapor
streamwhich is lean in low volatility contam nants to the point-of use,
typical ly at AfS SN & e Ssite. As utilized

DETAILED DESCRIPTION OF THE INVENTION

[0026] The manufacture of semiconductor devices,
LEDs, LCDs and solar/photovoltaic cells requires the
delivery of vapor phase, low vapor pressure gases to a
point-of-use. These fluids must meet customer purity
and flow requirements. The present invention provides
an enhanced energy delivery mechanism for a bulk
specialty gas supply system, employed in the
transportation of a compressed gas for delivery to a
semiconductor or LED manufacturer. The compressed gas
is delivered as a low vapor pressure vapor sStream which
is lean in low volatility contaminants to the point-of-
use, typically at the manufacture site. As utilized
herein, the term “lean” shall mean a vapor stream
having a lower level of low volatility contaminants
therein than the liguid or two-phase fluid provided by
the gas manufacturer. The system provides the
requisite purity on a consistent basis. Further, the
transport/storage vessel (referred below, as the
transport vessel), which is part of the bulk specialty
gas supply system, is preferably designed to carry more
than about 500 lbs. and preferably between 20,000 and
50,000 lbs. of low vapor pressure fluid. Additionally,



herein, the term"lean" shall nean a vapor stream having a |ower |evel of

| ow vol atility contam nants therein than the liquid or two-phase fluid
provi ded W9 20éve15gm3 manuf acturer. The system provi des t RETSQIOA#1T066 purity
on a consistent basis. Further, the transport/storage vessel (referred

bel ow, as the transport vessel) , which is part of the bulk specialty gas
supply system is preferably designedt® carry nore than about 500 | bs. and
pref erably between 20,000 and 50,000 | bs. of |ow vapor pressure fluid.

Addi tional ly,.i.t .is | e that .the v | .be | e i shi pped,
and is conpl ilé:ntlvap?rhe%{e%{a%gneaﬁh%ﬁtalt téfne%zsfé S b% gca?injl%%ael c()%f (blté%&%g

requi renment s ge.ogped,l QAR aldrer] istrandartds )T nt cSuct itanans parandeassel , wil |
be understood by those skilled in the art, to include a cylinder, a drum

or a ton contHIerGtigy | 6L oS M= IR2 7 Bypi dald It GW i por

pressure non-@idndddds arg st aned ddy & tANAOr t;viessel widersdei r own
vapor pressure. Wile the fluid contained in the transport vessel delivered
to the point fof -Wsesd sskgrldess g rdéendertt,, Hooringdseleofa reflamgltge @amonia i s

utilized as tcpe fluid of chai ceﬁ, but it wll %e undEer.stood t hat any nunber
rum, Or a toh .Cohthaiher or gn I contgdingr.
of | ow vapor pressure non-air ui ds may be Ut | zed " The transport vessel

can be constrpoo2ed fromyeiraildni,all suchas eardasiirsd eeln-diwpe 1304sand 316

stainless steel, Hastelloy, nickel or a coated netal (e.g., a
zi rconi um codt&d SCaFoh T A NSRS AP Sotdc tiife Wit 191 ui ds

utilized and can . thst gpd hoth a Macuumand shigh ipr essures., 40048] The

transport vessel, such as an I SO
vessel delivered to the point-of-use is process
dependent, for ease of reference ammonia is utilized as
the fluid of choice, but it will be understood that any
number of low vapor pressure non-air fluids may be
utilized. The transport vessel can be constructed from
a material such as carbon steel, type 304 and 316
stainless steel, Hastelloy, nickel or a coated metal
(e.g., a zirconium-coated carbon) which is strictly
non-reactive with the fluids utilized and can withstand
both a vacuum and high pressures.
[0028] The transport vessel, such as an ISO
container, is installed "on-site,"™ that is in close
proximity to the manufacturing facility and may be
installed outdoor, where the temperature can be as low
as -30°C, or indoor. The manufacturing facility is
preferably equipped with automatic gas sensors and an
emergency abatement system in case of an accidental
leakage or other malfunctions of the system.
[0029] The transport vessel can be insulated,
partially insulated or not insulated at all. As a
result, the temperature of the transport vessel
contents during transport and storage at the facility

can be similar to ambient temperature. For example, at



container, is installed "on-site, " that is in close proximty to the
manuf acturing facility and nay be installed outdoor, where the tenperature
can be aswbaw9ss2030 OC , or indoor. The nmanufacturing PaEIUS2A09/04B66
preferably equi pped with automatic gas sensors and an energency abat enent
systemin case of an accidental |eakage or other mal functions of the
system [0029] The transport vessel canlbe-insulated, partially insul ated
or not insulated at all. As a result, the tenperature of the transport

vessel content ri tra I{oan tar t.he .facili C be simlar
t o anbi ent te%rr:)cee(rijn teurrrégc.uIr o%sfg%é)npl’e?ch}t %It%%?rsﬁlgeatl&r é:ho %@%yslgo,%nct he
pressure in thsdalanspaedprvesiseltdlsy agproxigmt.el Yr89.oX psica.i e «of the

i ssues associ ated wiith caonventional systens is that away fromthe contact

poi nts bet wedr? S%e Héat i'g el EHEMY AT A SHETEP bl oW Tas e Hé4t i ng

el ement) and diie dJANSROTG VRSS @lot RSN BhaMHda oly tanRsier/wid i ciently
fromthe heating elenents to the vessel surface, resulting in increased

heat | osses alvefexoeskibed powers ddies tepttiiow FRentedr), arise theati ng el ement s

are susceptihle to overheati-ng and hurn .out at .those |ocati.ons f.ar which
cont act . bot wiar e HeatinG 16 S A hE T dHDare  eaddt e or
[0030] One offtdie oymesthdamierd antenarameiertshd rvdde delunmeiae ,of vapor phase
gas fromthe transport vessel to the point-of-use is the flowrate. This

operating par&ftér 'depénd it atre figat trogTster YHE 3 gife¥ ¢ gas in
the I1ansporleoesmtlc: e, diRGUSRAT AV Ge e LRAMRE RO ded to the

transport vessel in the formo
susceptible to overheating and burn out at those
locations for which contact between the heating element
and the transport vessel is poor.
[0030] One of the most important parameters in the
delivery of vapor phase gas from the transport vessel
to the point-of-use is the flow rate. This operating
parameter depends on the heat transfer to the liquefied
gas in the transport vessel. As discussed above, the
energy provided to the transport vessel in the form of
heat requires to be carefully controlled to achieve a
liquid boiling which is preferably of convective
boiling regime. In this manner, the liquid droplets
entrained in the vapor phase are minimized, and in turn
the particulate impurities are substantially reduced.
[0031] The present invention provides an energy
delivery mechanism including a heating device which
allows for optimal heat transfer to the transport
vessel, and leads to improved gas delivery flow rates.
With reference to Fig. 1, a schematic diagram of a
transport vessel 220 with an external energy delivery
device 210 is provided. Specifically, the thermal
interface material 510 is employed as a filler material

between heating element 210 and the transport vessel



heat requires to be carefully controlled to achieve a liquid boiling which
is preferably of convective boiling regine. In this manner, the liquid
dropl et s wotn@/13893i n t he vapor phase are mninm zed, an@Cirustamn4tobe
particulate inpurities are substantially reduced. [0031] The present

i nvention provides an energy delivery mechani smincluding a heating device
which allows for optinmal heat transfer td the transport vessel, and | eads
to inproved gas delivery flowrates. Wth reference to Fig. 1, a schematic

di agram of a ftr ngﬁﬁyt sel Wi t |_.ener gy | i.very device
210 is provi&%ﬁﬁ' pedifﬁ%%iﬁ?é%ﬁ%%tt%§§%§§¥%?%ﬁ%ﬁggﬂhﬁgéﬁﬁﬁa%ﬁ% i's

enpl oyed as aifr |degrs matterdeal thet Ween dreatliengred ementanl @ hand-dee 1t r anspor t
vesselwal | 220.. The thermal interface material elim nates air gaps between

the heater el@entt210 AFaNEVeddE WAL IZSE NSdover TitHe iYiter f ace

material fillg thesurfrcgiidregdardd e eatdhedriansRerd vesselrwal | 220
as well as the unmatched curvatures of the heating transport vessel wall

220 and the heatiald elserdst 206t chasorruadiedsings ot éticalhes20.ngan be

enpl oyed bet ygen, Lhe ! ranspart, Messel, val] 220 and {the therrml it er f ace
material to facilitate easy renoval of THe Hhéat & et éhén upon ‘change- out .

The non- adhesi venvraideidalvH20 tshauw 1d Jpe akire Heo caliso yeonferund«s ame surf ace
irregularities on the transport vessel wall 220 upon pressure applied by
the wei ght of-TRERCHTK V6154t &dddt iAdd) Wy tive thscardi smif@FSsecures the

gggt 5[105: g”ﬁ%é:tegf&gagett\ﬁg%ﬂ%éte I, Addidi Q1 e fienadhgsi,ve materi al
element upon change-out. The non-adhesive material 520
should be able to also conform to any surface
irregularities on the transport vessel wall 220 upon
pressure applied by the weight of the tank or
alternatively by the mechanism which secures the heater
element to the wvessel wall. In addition, the non-
adhesive material 520 should have good thermal
conductivity so that its addition does not
substantially increase the resistance to the heat
transfer between the heater element 210 and the vessel
wall 220.
[0032] Typically, the cylindrically configured
transport vessel (s) are placed in a horizontal position
at the manufacturer’s site. The source of energy/heat
is one or more energy delivery devices disposed on the
lower portion of the transport vessel. The heating
elements/pads are typically electrical resistance type
heating means/elements typically selected from blanket
heaters, heating bars, cables and coils, band heaters,
heater tape and heating wires.
[0033] In the exemplified embodiment of Fig. 2(a),
two layers of malleable or conformable materials

(together 410) are placed between the heating element



conductivity so that its addition does not substantially increase the
resistance to the heat transfer between the heater elenent 210 and the
vessel wawD 28®0158308032] Typically, the cylindrically comCirgiseed/osransport
vessel (s) are placed in a horizontal position at the manufacturer's site.
The source of energy/heat is one or nore energy delivery devices disposed
on the I ower portion of the transport-végsel. The heating el enents/pads are
typically electrical resistance type heating neans/el enents typically

sel ected from b apket, n%%&h%res.’inhes%lii@ pt?]%{)%ﬁ]%%f"%‘?}%h%%s%% 8 1pand

heaters, heater tape a eating wres. e exenplified
enbodi nent of22Ri.g. TAg dlayvert W Itayamns 1ofi el dfeats enaare radenf arimmalklaey mat eri al s
(together 410) are placed between the heating el enent 210 whi ch can be in

solid phase afidS e VéBsdNSEIAT 22090 e Wyt ot HivéY ma” fattSertface

material 510 jcaniave ddigh theramale Landugti ty, and highisur fage tack in
solid phase. As a result, this layer can fill air gaps between the surface
of transport degssdle 2@rande veifeatd g dlr@msmo 2] Vesagsled By awr f ace

irregulariti and/ qr. unnat chi ng rface curvatur shown in Fig. 2 (b) .
M ni ni zi ng tﬁ%m%ﬁ¥*§ﬁﬁl,%$5?5¥Hﬁfé%en%fﬁﬁgghph§U&§%¥§1I heat conduction to

t he transpor ti essalaniddile 2200d /Hre diinght Suface tfacle enablasideayer 410 to
be firmy attached to the heating el ements without using any glue, which
el i mi nates ai'apshétiieert (hi-s Mayemigidd HéehSath GFRs eness. Wk eover

the thermal inkerface ARt €jdl;1d0es Not.Jpdergde Phase he transport

vessel wall 220. The high surface tack enables layer
410 to be firmly attached to the heating elements
without using any glue, which eliminates air gaps
between this layer and the heating elements. Moreover,
the thermal interface material does not undergo phase
transition under the operating temperature and pressure
of the bulk supply gas system (BSGS).

[0034] A second, thin and non-adhesive layer 520
(shown in Fig. 1) of the same or other material is
placed on the container surface in solid phase. This
non-adhesive layer will prevent the undesired adhesion
of the thermal interface material 510 to the surface of
the vessel, thereby allowing the change out of the
heating element 210, or otherwise facilitates taking
the transport vessel off line. Although the material
contemplated is aluminum, foils of other material with
same or larger thermal conductivity. The thickness of
this layer can be in a range from 1 to 5 mils,
preferably 2 to 3 mils, so long as the layer conforms
to the irregularities and contour of the vessel wall.
As the deformation of a thin shell/plate such as the
non-adhesive layer 520 depends on the material

thickness, an excessive thickness may lead to



transition under the operating tenperature and pressure of the bul k supply
gas system (BSGS) . [0034] A second, thin and non-adhesive | ayer 520 (shown
in Fig. IwWP2od9/tskm3sane or other material is placed on PhE/USMANTIEE
surface in solid phase. This non-adhesive |layer will prevent the undesired
adhesion of the thermal interface material 510 to the surface of the
vessel, thereby allow ng the change odtlaf-the heating el enrent 210, or
otherwise facilitates taking the transport vessel off line. Al though the

mat eri al con |_at i.s _al umn f.oj | f.__ot terial, whth same or
| ar ger ther n;ﬂ%rg(%dqﬁtf%g}tlleviat%yg%ﬁbﬁtgdfﬁgsghc% ]Tgﬁ{esrn%a;/ﬁ(rara%ga\n%bee in a range
from1l to 5 mdsselprefldr.ablihe? dbevd mdre,i sed argagas dtheHiaykere sconforns t o

the irregularities and contour of the vessel wall. As the deformation of a

thin shel |/ plaaFd Sdch & fiHe Troh-SAdHEinGG I ayert B20- Yerendy oiF 13 dmat er i al

thickness, an£xeesRiNg W Glness mBy 4 eadidiundesidable @i r; gaps bet ween
the layer 520 and the vessel wall. The above nentioned range of thickness

i s appropriatdgupron em déitt aiomndres,neghi cihe yhiicHnes sweifgh e flewsrundr ed
pounds. For a ea\éinerbevesserleassuc as . a drumor an | SO cont ai ner, the

t hi ckness of the ayer 520" "¢an De T Ncréased Ydccor di ngly. [0035] In another
exenpl ary enf@d3mnt, and aMddhgreftiende o ce-qerRding WnS wRatrent
Application Publication No 2008/ 0000239A1, which is .incorporated herein by
ref erence i n THSTENGT Sty CHMENT AT port: VeSSt ifPRiiacdd dh a

g;gfg;gt r ?3?%%@;1%‘&%%&%% ) 10 0d gl eragdle. GHhecrescenisshaned £radl e
herein by reference in its entirety, the transport
vessel is placed in a crescent-shaped substantially
rigid cradle. The crescent-shaped cradle employs rigid
steel heating pads. There can be one or more separate
heating pads placed in each of the various zones on the
lower part of the transport vessel. The heating pads
are generally, cover a portion of the vessel surface,
and the size is simply dictated by the type of
transport vessel utilized and the number of heating
pads used. The zones are independently controlled and
provide energy to liquefied ammonia therein.

[0036] Pieces of silicon rubber thermal interface
material with thermal conductive fillings are placed
and centered onto the stainless steel heating pads.
The silicon rubber material preferably has high surface
tack so that it can stick non-permanently to the
heating pads upon application of pressure, but without
utilizing an adhesive such as glue. The material also
has a hardness of 5 to 70, preferably 5-10 in Shore A
scale so that it can conform to the curvature and
irregularities of the heating pads and the container
surfaces. The thickness of this silicon rubber

material can be within the range of 15 to 1000 mils,



steel heating pads. There can be one or nore separate heating pads placed
in each of the various zones on the |l ower part of the transport vessel. The
heati ng psio0evesaneral |y, cover a portion of the vesseCTdaisedaoeroeand t he
size is sinply dictated by the type of transport vessel utilized and the
nunber of heating pads used. The zones are independently controlled and
provide energy to liquefied ammnia thetéin. [0036] Pieces of silicon
rubber thermal interface material with thermal conductive fillings are

pl aced and center t. tainless e atd pads.. T idicon
rubber mat er?cae |oO %f%&égﬁ@{/q%ggj%agﬁﬁ}urc%g}cgatn% JJgso hgﬁil ittO r(:bgjnos"sdt’i ck
non- per manentdnyd tthd hehheatl g rpads: ivpary applinc atxdoes ofo fproessudr e, but

Wit hout utili Z/n%g an adhesive sucpAIl/as gl ue.. The material al so has a
har dness of 3/ 7¢I SheRer ablly SWEYE PISKorE A scdle SEHRASS t can

conform to the G aldne and Ji regulardddies ofad ke eati ng padsgrd the

cont ai ner surlf aces. The t hi ckness of this silicon rubber materilal can be
Wi thin the rangeoflals tieslGo0 muyathe sopertattiieg Rremsertst wee load range
from-54 to OO;F%% bt and the;C t her rg’ll. c%duc;cthl.vclktrye IS in exces f 0.024

W nK, preferabl WK “or Pﬁeg Yor.” The “har dness Srsanrg‘ijengeensaﬁlrest “hat the

mat eri al can wEhENIMdoGiwdiadce v gregidear idhaes wanrd swnadtluresitat t he
pressure applied by the transport vessel. The thickness rg}p{ge and the
t her mal condd@SHARY Ensifr e RS HE lovier di9Sshddre Ty ddisst &6 alde

material is lgss thanthal 9f the 3idagaps B 19 4 dde-iappl i ggld on of this

material. The operating tenperature range ensures that the materi al
operating temperature range ensures that the material
does not undergo drastic physical or chemical changes
under the operating temperature of the heating element.
[0037] Upon the application of the silicon rubber
material to the heating pads, a thin layer of aluminum
foil, or an equivalent thereof, can be applied to the
top of the silicon rubber material. Due to the high
surface tack of the silicon rubber material, the
aluminum foil facilitates the easy removal of the
heating element.
[0038] Various modifications can be made to the
exemplary embodiments set forth above. For example,
the heating element can be constructed on conformable
material, such as silicon rubber, that has a higher
hardness value than the thermal interface material.
Additionally, the heating element can be constructed
from a combination of one or more layers of rigid
material such as stainless steel or ceramic, and one or
more layers of conformable material such as silicon
rubber. In certain configurations, the heating element
can have a hardness value higher than that of the

thermal interface material.



does not undergo drastic physical or chem cal changes under the operating
tenperature of the heating elenent. [0037] Upon the application of the
silicon rwbhkees/1ssaoari al to the heating pads, a thin |ayecTafS2eowionam foil,
or an equival ent thereof, can be applied to the top of the silicon rubber
material. Due to the high surface tack of the silicon rubber material, the
alumnumfoil facilitates the easy renpVval -of the heating el enent. [0038]
Various nodifications can be made to the exenplary enbodi ments set forth

above. For ex[ﬁ;gg , the heati Ighrg;?t ruc confor mabl e
material, suc asgqsi i ?gn%?lu tg%rr? Fha lﬁ%?qae ?%Ogﬁgfét‘ﬁar (thflf%sg&lveal uel t han t he
t hermal i nt erifrace fmatcenicaler iAddiddromal lpg rotare rhidat iang selherento ¢are be
constructed from a conbi nati on_of one or nore layers of rigid naterial such

as stainl ess " D IEH T ¢, TafEOriE or- o8 Y Ay 15 S G e

material suchgs ¥ lHean dHdbele doh Leal iy ieNf i gur atjons,od he hert i ng
el enent can have a hardness val ue higher than that of the thermal interface
mat eri al . [ 0039]e |headrot seremsdnplaar yeembodiarsst ta Hé itsherlpglentntartfhace

material can be permnently aldaghed tq Lhe haating element., I kewise,
thermal interface material” can be non-adhesive ‘dn ¢€ither side,” yet the side

faci ng the heanglerelRirentraoae be aHachesd tahddlics ) arentt Wrddlddeer mal
conductive glue. Naturally, the operati n% tenperature range of the glue
shoul d at | eddt® iardUide AT St Falt 30T &5 ndS 1619 tHEMFE4ti ng el enent .

Ootionally, the ihardness 9f the dherdmle inferfiate.1 interface

material can range from 5 to 70 Shore A. It is
recognized that the non-adhesive layer may not be
necessary if the surface adhesion of the chosen thermal
interface material is desirable or the thermal
interface material is itself non-adhesive. It shall
also be recognized that the energy delivery devices,
even without the engagement of the thermal interface
material or the non-adhesive layer, can be made
removable and can be readily removed or replaced in the
event of failure or degradation.

[0040] The energy delivery mechanism of the present
invention will be further described in detail with
reference to the following examples, which are, however

to be construed as limiting the invention.

EXAMPLES
[0041] The energy/heat transfer efficiency of the
present invention was tested on ton-container-based
bulk specialty gas supply systems to determine the
vapor gas delivery flow rate.
[0042] In the example, a ton container filled with a
mixture of liquid and vapor ammonia was placed

horizontally on a crescent-shaped substantially rigid



material can range from5 to 70 Shore A . It is recognized that the

non- adhesi ve | ayer may not be necessary if the surface adhesion of the
chosen t hwormdo/isszoar f ace material is desirable or the tirerneskooonsmsé ace
material is itself non-adhesive. It shall also be recognized that the
energy delivery devices, even w thout the engagenent of the thermnal
interface material or the non-adhesive Layer, can be nmade renovabl e and can
be readily renoved or replaced in the event of failure or degradation.

[ 0040] The e Jel r vent be
further desc?ﬁ%%%‘ V%E%%?Iq&ﬁ?ﬁg¥§géreﬁ%gﬁf%3 %EQ? %- %ﬁ% exanp es, which
are, however durreetcanstandcrasvdd nintd IrRghatrheed ra\seraiesmﬂleNAI\ﬂ?LEﬁe[ 0041] The
energy/heat transfer efficiency of the present .invention was tested on

t on- cont ai ner*Based b9 SPSLiiaT P fgds S uppisy Syt o detér MR t he

vapor gas deljmeny fdom rdfee nd20042] Jaud %5‘3)&%‘9:'1%11%& QhLaMai ner filled
wth a mxture of liquid and vapor anmoni a was pl aced hori zontally on a

crescent - shari@cmpﬁlt@sibmﬂﬂ a@indy priegisdioread v, T ewtriceh termsicoyped i lgiidh 1st eel

heating pads. Jgﬂﬁge |nv%pt|on wa |nple nted as .dest r|q§g in the
detail ed descrlﬁtlon of” the S AVentibn above’ The Reat 03} f70m t he

heati ng pads Mag: iebninheidied vanrd the tiengeeratdres aﬂldmpr@&ssjroeis they e
nonitored at nultiple |ocations of the system During the experinent, the
li qui d anmmoniMBwWIEPGApERFzBa2aHdECHRe BWERERELEE FH@ NHBL@8por was

measur ed. InﬂJQﬂﬁ*ﬁ'dﬁ]éﬂY%#éﬁwﬁﬂg heat output from the heating pads

to be increased to provide a higher vapor NH; flow
rate, yet without raising the surface temperature of
the container and the heating pads.

[0043] As demonstrated by experimental results, the
supply gas delivery flow rate in the present invention
increased by a factor of two or more. As shown in Fig.
3, the sustainable gas delivery flow rate, which is the
flow rate at which the gas is delivered independent of
the liquefied gas level (i.e., “heel” level), increased
from 200 slpm to over 460 slpm.

[0044] While the invention has been described in
detail with reference to exemplary embodiments thereof,
it will become apparent to one skilled in the art that
various changes and modifications can be made, and
equivalents employed, without departing from the scope

of the appended claims.



invention allowed the heat output fromthe heating pads to be increased to
provi de a higher vapor NH3 flow rate, yet wi thout raising the surface

t enper at LWe 20469/tskm@3cont ai ner and the heating pads. [0043CTAS2@e0wNs6 r at ed
by experinental results, the supply gas delivery flowrate in the present

i nvention increased by a factor of two or nore. As shown in Fig. 3, the
sustai nabl e gas delivery flowrate, whith s the flow rate at which the gas
is delivered i ndependent of the liquefied gas level (i.e., "heel" level),

i ncreased fr 0Q sl : ver, 460 sl pm [0044] While the invention has
been describggkﬁhqﬁbfgﬁfﬁﬁénf%éference to exenpl ary enbodi nents thereof,

it wll becone apparentart @reneyyskidllied iyn nduh aaritsnt Hatr wardireusspelranges and
nodi fications can be made, and equi val ents enpl oyed,. wi thout departing from

the scope of I Sppended el dihC WA i'SPARiNFS &1 A 3n 2her gy del i very

nmechani sm f or 13108 RATds eSS el ditddiized; .t o convey vapor phase fluid at an
el evated pressure, conprising: at least one energy delivery device di sposed

on the |ower portion ofata ltgeaispore aresesl dadclvedingley itdsi nlilspperedof a

thermal |y conduq;ivq_non-adh sive layer in contact wth.ve s%i wal | , at
ol the lower pgrtion qj o Lra %port vessel inglu 1%%]a
| east one heati ng el enment i ch substantially conforms to e contour of

the vessel waHin andex tdreravahdmtanfacenmmiariva rdirspesed kel wesr 1t he
thermal |y conductive non-adhesive | ayer and the heatinglelenent, wher ei n

sai d ther mal it face rattér i(Vas subditdrti AT Y a9 S SGdps Det ween

element which substantially conforms to the contour of
the vessel wall, and a thermal interface material
disposed between the thermally conductive non-adhesive
layer and the heating element, wherein said thermal
interface material substantially fills the gaps between
the unmatching configuration of the transport vessel
and the heating element thereby providing substantially

uniform energy to the transport vessel.

2. The energy delivery mechanism of claim 1,
further comprising:
one or more substantially rigid support
disposed on the outer periphery of the energy delivery
device, wherein the support holds the energy delivery
device in thermal contact with a lower portion of said

transport vessel.

3. The energy delivery mechanism of claim 1,
wherein the thermal interface material fills the

imperfections in the transport wall.

4. The energy delivery mechanism of claim 1,
wherein the transport vessel wall is a ton, drum or ISO

container.



t he unmat ching configuration of the transport vessel and the heating
el enent thereby providing substantially uniformenergy to the transport
vessel . 2wo0 200ve158298r gy del i very nechani smof claim1 , Partusee09oa9pé i Si ng:
one or nore substantially rigid support di sposed on the outer periphery of
the energy delivery device, wherein the support holds the energy delivery
device in thermal contact with a | ower portion of said transport vessel. 3
The energy delivery nmechanismof claiml , wherein the thernmal interface
material fills the inperfections in the transport wall. 4 . The energy
delivery mechanismof claim1l , wherein the transport vessel wall is a ton
drum or | SO contaisner .The chegnergy vdely wercharechanifsmlefincligim 1
wherein the heating devices can easily be renoved or changed w t hout taking

the transpor t"ArESSdl O NGatd- % VRS Sefdryy ddfetin &5y TrdYas $1h of claim 1

, Wherein theheald NG iRt Gamberd 3 debbflexidLel trr-TheLner gy
delivery nmechanismof claiml1l , wherein the heating el ement can be sel ected
fromthe group consisting of blanket heaters, stainless steel heating pads,

cabl es and coils, band_heaters, heater tape, heat.in i res .and conbi nati ons
thereof. 8 . The ener gyﬁ(?elelnvegr rggec léfr%rg}r)nmc?fchc rlaliSrIrT?ij\%l, S aelrmeiqﬁ t he thernmal

i nterface materdralin shsolHadiase landasdn @e thierimalo fcaducidng .ty and
hi gh surface tack.
7. The energy delivery mechanism of claim 1,
wherein the heating element can be selected from the
group consisting of blanket heaters, stainless steel
heating pads, cables and coils, band heaters, heater

tape, heating wires and combinations thereof.

3. The energy delivery mechanism of claim 1,
wherein the thermal interface material is solid phase
and has high thermal conductivity and high surface

tack.

9. The energy delivery mechanism of claim 8,
wherein the thermal interface material is a silicone

rubber.

10. The energy delivery mechanism of claim 7,
wherein the heating element is constructed from a
combination of one or more layers of rigid and

conformable material.

11. The energy delivery mechanism of claim 1,
wherein thermally conductive non-adhesive layer is a
foil material having a thickness ranging from about 1

to 5 mils.



9 . The energy delivery nmechanismof claim8 , wherein the thernal
interface material is a silicone rubber . 10. The energy delivery nmechani sm
of cl ai mwoO,20eis8®B8n t he heating el enent is construct edPCrase@Ioe™hé nat i on
of one or nore layers of rigid and conformable material. 11. The energy
delivery nmechanismof claim1l , wherein thermally conductive non-adhesive
|l ayer is a foil material having a thiekhéss ranging fromabout 1 to 5
mls.12. An efficient energy delivery system adapted to various cylindrical
transport vessels, conprising: (a) a crescent-shaped substantially rigid
cradle to accommopdate a horizontally placed cylindrical transport vessel;
and (b) at |east dmre ener gy deliicrer erdaviceladiisposed et drhedagmerd porti on
of said transport vessel including a thin |ayer of a thermally conductive
nonadhesi ve I8y &P Com¥acthtdr vesSEISRY Veg Srdati g Bl ermemtd 'whi ch

substantially conforms tg the GUQH:-ofnthe wesselsmaldland g 4 her nal
interface material disposed between the thermally conductive non-adhesive

| ayer and themelts iy eldsmentodative ceihe rsaicd tehdnmal L dascerdvdce dratcerli al
substanti al | %rf |Aslg>so(jgt[1%e%ﬁ§%%l;b%tn\%§en the unnmat ching configuration of the
transport vesse n he Theat’i ng el enent thereby providing substantially
uni formenergy to the tganspas tieegsselne herthie ®fifineigntdeanergy delivery
system of claim 12, wherein the systemdelivers gas in vapor phase at
disposed on the lower portion of said transport vessel
including a thin layer of a thermally conductive non-
adhesive layer in contact with vessel wall, a heating
element which substantially conforms to the contour of
the vessel wall, and a thermal interface material
disposed between the thermally conductive non-adhesive
layer and the heating element, wherein said thermal
interface material substantially fills the gaps between
the unmatching configuration of the transport vessel
and the heating element thereby providing substantially

uniform energy to the transport vessel.

13. The efficient energy delivery system of claim
12, wherein the system delivers gas in vapor phase at
the point of use at a sustainable flow rate ranging

from about 200 to 460 slpm.

14. An energy delivery mechanism for a transport
vegssel utilized to convey vapor phase fluid at an
elevated pressure, comprising:

at least one energy delivery device disposed
on the lower portion of a transport vessel including a
at least one heating element which substantially
conforms to the contour of the vessel wall, and a

thermal interface material disposed between the



the point of use at a sustainable flow rate ranging from about 200 to 460
slpm 14. An energy delivery nechanismfor a transport vessel utilized to
convey vaponrophias®3fl uid at an el evated pressure, conprPsiTag200a04106@st one
energy delivery device disposed on the |ower portion of a transport vessel
including a at | east one heating el enent which substantially confornms to
the contour of the vessel wall, and a-thersal interface material disposed
bet ween thetransport vessel and the heating el enent, wherein said thermnal

| nterface materd gl substantially, fild 5,419 gars hetueen,the ynmatehi ng
configuration o the transport vessel an e heating el enent . t er eby
provi di ng suhstecamtadlalilnt anfidfoer mearerigy tamdderttriandpgorii Messele gaps

between the unmatching configuration of the transport
vessel and the heating element thereby providing

substantially uniform energy to the transport vessel.



